This study was carried out to investigate the effects of silicon (Si) 3.6 mM (as calcium silicate) under drought stress induced by polyethylene glycol "PEG" at 15% (MW 8000), in addition to the control treatment on growth and some biochemical constituents of date palm cv. Barhee cultured in vitro. Drought stress (15% PEG) depressed the growth of shoot and decreased protein content and chlorophyll concentration. Addition of 3.6 mM Si could improve the growth of shoot and increase the protein content and leaf chlorophyll concentrations of stressed plants. The inclusion of Si to the PEG containing medium significantly increased the catalase (CAT) and superoxide dismutase (SOD) activity in regenerated shoot, compared to other treatments. As well as drought stress 15% PEG induced significant accumulation of shoots proline, which were decreased by added silicon. Moreover, the results were also supported by the observation that PEG stress-induced decrease the response percentage of root induction and root lengths was reversed by added silicon. Addition of Si obviously significantly increased the wax content in leaves, response percentage of root induction and root lengths of plantlets under drought stress. The results of this study indicate that the application of silicon improved growth attributes, effectively mitigate the adverse effect of drought, and increase tolerance of date palm plants for drought stress during the course of date palm tissue cultures.
Introduction
Date palm (Phoenix dactylifera L.) 2n = 36 is a dioecious perennial monocotyledon fruit tree. It is believed to be a native of the Arabian Gulf region, possibly in Southern Iraq [1] .
The increasing demand for date palms requires massive multiplication of selected plants.
This could be achieved through tissue culture. Silicon (Si), as a macro-element, has a vital role in plants cycles. One of the main functions of Si is considered as one of the important beneficial nutrients for plant growth, especially when they are subjected to biotic or a biotic stresses [2] . Studies have shown that silicon application may increase tolerance to stresses especially salinity and drought in plants [3] [4] . The most widely reported mechanism was that Si might lead to osmotic adjustment and decrease the oxidative damage in plants subjected to stresses [5] . Drought is one of the most important environment stresses in agriculture, having several deleterious effects on plant growth and metabolic processes, including water relations and photosynthetic [6] - [8] suggested that "many of the changes observed under drought stress seem to represent general patterns of modulation in plants under adversity. Plant performance under stress conditions depends on the balance between the harmful effect of stress and a wide variety of protective and repair processes [9] . Polyethylene glycol (PEG), a non penetrated and non toxic osmotic lowers the water potential of the medium and has been used to stimulate water stress without harmful effects or toxic on the plant [10] , but inhibits growth by lowering water potential of the medium [11] [12] stated that the adverse effects of PEG on plant growth were alleviated by adding Si to drought stressed treatments in terms of shoot length, shoot mass, root mass, and chlorophyll content. Si benefits to drought tolerance in wheat [13] , maize [14] , have been related to its effect on the antioxidant enzyme activities. Utilization of tissue culture techniques for quantifying stress tolerance of various crops has been increasing rapidly. Tissue culture techniques are useful for the evaluation of tolerance or adapt to different stresses because stress conditions can be easily controlled in vitro [15] . Also, in vitro cultures provide a uniform population of synchronously developing plant cells and thus, the results more accurate [16] . The simplicity of such manipulations enables the study of large plant population and stress treatments in a limited space and a short period of time as well. Simulation of drought stress under in vitro conditions during the regeneration process constitutes a convenient way to study the effects of drought on the morphogenic responses [17] . Studies have shown the beneficial effects of Si in plant tissue culture. Because silicon, actually, induces dehydration tolerance at tissue or cellular levels by improving the water status [18] . Yet, there is a limit of research on the effect of Si on drought stress in date palm plants. Therefore, the purpose of this study is to evaluate the effects of Si application under drought stress conditions induced by polyethylene glycol (PEG) can alleviate drought stress and improvement of plants growth of date palm cv. Barhee in vitro.
Materials and Methods
This work was conducted in the Tissue Culture Laboratory, Date Palm Research Cen-ter. Basra University, Iraq.
Initiation Stage
The apical meristems were divided longitudinally into four equal segments and cultured on medium composed of (MS) [19] , with additional 30 mg⋅l −1 Naphthalene acetic acid (NAA), 3 mg•l −1 2-isopentenyladenin (2iP) and 3 g⋅l −1 activated charcoal. The pH of the medium was adjusted to 5.8 with 0.1 N NaOH or HCl, before the addition of agar. Media were dispensed into culture test tubes. Subsequently autoclaved at 121˚C and 1.04 kg/cm 2 for 15 min. All cultures were incubated in a culture room under darkness at 27˚C ± 2˚C to initiate callus ( Figure 1 ).
Effect of Silicon (Si) and Polyethylene Glycol (PEG) on Adventitious
Shoot Regeneration For induction and multiplication of shoots, callus were transferred into the shoot regeneration medium containing 3.6 mM Si alone or in combination with 15% polyethylene glycol PEG (MW 8000), and were incubated at 27˚C ± 2˚C and 16 h photoperiod. Results of the experiments were evaluated 12 weeks after inoculation of callus in the regeneration medium. There were fifteen replicates of each treatment. 
Effect of Silicon on Rooting of Shoots under Drought Stress Induced by Polyethylene Glycol (PEG) in Vitro

Biochemical Parameters
Enzyme Activities Assay
Catalase activity (CAT) was assayed by following the decomposition of H 2 O 2 at 240 nm [20] . The unit (U) of CAT activity was defined as the amount of enzyme that decomposed 1 mM H 2 O 2 per minute per mg protein in 100 μl enzyme extract are given in U/mg of protein.
Superoxide dismutase (SOD) activity was determined by method of [21] . The reaction mixture contained 50 mM potassium phosphate buffer (pH 7.0), 0.1 mM Na-EDTA, 75 μM riboflavin, 13 mM methionine and 0.05 ml the enzyme extract. One unit of SOD was defined as the amount of enzyme required to cause 50% inhibition of the reduction of nitro blue tetrazolium (NBT) as monitored at 560 nm.
Estimate the Free Proline Content
Proline content of shoots was determined according to a modification of the method of [22] . Samples of shoots (0.2 g) were homogenized in a mortar and pestle with 3 ml sulphosalicylic acid (3%, w:v), and then centrifuged at 18000 × g for 15 min. 2 ml of the supernatant was then added to a test tube, to which 2 ml glacial acetic acid and 2 ml freshly prepared acid ninhydrin solution (1.25 g ninhydrin dissolved in 30 ml glacial acetic acid and 20 ml 6 moll −1 orthophosphoric acid) were added. The test tubes were incubated in a water bath for 1 h at 100˚C and then allowed to cool to room temperature. 4 ml of toluene was then added to the tubes and then mixed on a vortex mixer for 20 s. The test tubes were allowed to stand for at least 10 min, to allow separation of the toluene and aqueous phases. The toluene phase was carefully pipetted out into a glass test tube and its absorbance was measured at 520 nm in a spectrophotometer. The content of proline was calculated from a standard curve, and was expressed as mg⋅g −1 DW.
Estimate the Total Soluble Proteins
Proteins were extracted according to Method described by [23] . Fresh shoots material (250) mg was extracted with 2 mL of 0.25 M Phosphate buffer PH7 and centrifuged for 3 min at 7000 g. The supernatant was used as the crude Protein extract. The total proteins were measured by Spectrophotometer at 595 nm according to [24] .
Estimate the Amount of Chlorophyll in the Leaves of Date Palm cv.
Barhee Take one gram of shoots date palm tissue (Plant inside the tubes). The extent in which the amount of chlorophyll by the method described by [25] . Where was added to the sample 50 cm 3 acetone (80%) and Grinded leaflets by mortar ceramic and returned extraction process that has become the sample colorless then taking part of the sample and placed in the centrifuge for 3 min, then take a part of the solution pure and put in a device the Spectrophotometer type Apel PD303-UV and who was Adjust by acetone 80% and took reading the optical density at a wavelength of 645 and 665 nm and then estimated the total chlorophyll quantity of the sample according to the following equation: Total chlorophyll mg/liter = 20.2 × optical density at a wavelength 645 + 8.02 × optical density at a wavelength 665 conversion of the amount of chlorophyll mgl to 100 mg.
Estimate the Amount of Wax in the Leaves of Date Palm cv. Barhee
Wax were extracted according to method described by [26] . Leaflets material (1) gram was extracted with a mixture of acetone and ether petrolatum 2:1, the sample remains in the device for 24 hours and then is dried by rotary evaporator device and then weighed flasks, the difference between the two readings is the amount of wax in the leaves.
Statistical Analysis: Statistical Analysis
Analyses of variance (ANOVA) for all the variables were carried out using SAS analysis.
Treatment means were compared using the protected least significant difference (LSD) test at p < 0.05 levels.
Results and Discussion
Changes in Growth Parameters
Results showed that addition of 3.6 mM Si to the shoot induction medium significantly increased (p < 0.05) both the response percentage of shoot induction and average number of shoots per jar. Si has been proven to be effective for shoot regeneration. The highest response percentage of shoot induction (73.34%) with the average number of 9.2 shoots per jar was obtained on the shoot induction medium supplemented with 3.6 mM Si. The response percentage of shoot induction and average number of shoots re-generated per jar decreased on the medium containing 15% PEG alone, while there was less decrease when the shoot induction medium was supplemented with both PEG and Si (Table 1, Figure 3 ).
Showed that drought-induced growth inhibition in date palm cv. Barhee in vitro was reversed by silicon supplementation in the media (Table 1 ) the reduction in shoot growth of drought stressed date palm might be due to the decline in cell enlargement and cell division.
Addition of Si to the shoot induction medium significantly increased both the response percentage of shoot induction and average number of shoots per jar.
Si has been proven to be effective for shoot regeneration in reed [27] and rice [28] .
The highest response percentage of shoot induction (73.34%) with the average number of 9.2 shoots per explant was obtained on the shoot induction medium supplemented with 3.6 mM Si. In Ajuga multiflora, addition of Si to MS medium containing 2iP and IAA, enhanced adventitious shoot regeneration (about three-fold) [29] . [30] also reported that the use of calcium silicate at the rate of 60 mgl −1 in the medium produced maximum green regenerated plants.
Si plays an important role in the defense response to different stresses as (salts, water, etc) in plant species [31] [32] . In most cases, silicon does not appear to be beneficial to plants until some stress is imposed [33] . Where, Si plays an important role under conditions of nutrient imbalance [34] . The Silicon (Si) is deposited in plant tissues and in cell wall apoplast to form silica and inhibiting stressor penetration and therefore which may cause tissue integrity [35] . The possible mechanisms responsible for better growth in the presence of Si under stressful conditions might be the prevention of loss of water from leaves of plant by keeping the water status maintained by the plant. Additionally the (Si) appears to be involved in the fortification of plants against oxidation of cell membranes, leading to the protection of various plant structures and functions subjected to drought conditions, and therefore preventing stressor penetration. Silicon also appears to be part of the regulation of osmolytes within cells subjected to drought stress.
That Si may act locally as a sign of the effects of natural defense responses by stimulating the activity of enzymes as SOD and CAT, can alleviate the effects of drought stress induced by 15% PEG in plants.
Changes in Enzymatic Antioxidants
Results showed that the activities of SOD and CAT were increased under drought stress induced by PEG (15%), compared to control (p < 0.05). While inclusion of Si to the PEG containing medium significantly increased the SOD and CAT activities in shoots compared to the other treatments (p < 0.05). Also, addition of Si caused increase of activities enzymes under normal condition ( Table 2 ).
The amelioration of drought stress effects by Si addition, thus, silicon can increase the activity of antioxidant enzymes in plants and thereby detoxifies reactive oxygen species damage induced by drought stress. The desirable effect of Si on plants suffering from a biotic stresses often occurs during counteracting oxidative stress by modulating Thus, apparently Si promoted shoot regeneration of date palm by increasing activity of antioxidant enzymes.
In the present study, the activity of CAT and SOD in date palm cv. Barhee was increased in the shoots under drought stress induced by PEG at 15%, while such an increase was more significant and consistent in Si treatment compared to other treat-ments. [39] catalase (CAT) is considered to be the most important enzyme that eliminates H 2 O 2 which accumulate during different stresses and destroy the photosynthetic apparatus, also can be damage normal metabolism through oxidative damage of lipids, proteins and nucleic acids. According to [40] , SOD and CAT are the most effective antioxidant enzymes in preventing cell destruction. These results are in agreement with the results of [12] , who found out that under drought stress the addition of Si increased the antioxidant activity in wheat. As well as, [41] reported that the effect of Si on increase cellular membrane stability by the promotion of SOD activity because the ma- [42] . Also, the increase in SOD activity in shoots of drought stressed date palm might be due to the activation of preexisting SOD or due to synthesis of new SOD under drought stress. Changes in the activity of antioxidant enzymes, which are signals of plant adaption to stress conditions [43] . Variations in the antioxidant levels can serve as an indicator for the modification or modulating of reactive oxygen species scavenging mechanisms and ROSs signal transduction [44] . Increasing evidence shows that silicon treatment enhancing the activities of plant defensive enzymes [45] . Figure 4 shows that the shoot proline contents were significantly increased (p < 0.05) under drought stress induced by PEG (15%) compared to other treatments, while the addition of silicon (Si) caused a decrease proline contents under drought stress. Further, under non-stress conditions, the addition of silicon (Si) increased the leaf proline content compared to the control but the differences between them are not significant (p < 0.05). The mechanism of drought tolerance is by decreasing osmotic potential by increasing of solutes. Plants accumulate organic and inorganic solutes in the cytosol to raise osmotic pressure and thereby maintain both turgor and the driving gradient for water uptake [46] . Among these solutes, proline is an amino acid synthesized from glutamate or arginine under normal conditions, with the glutamate route being preferential during drought stress [47] . The synthesis of this amino acid has an important role in plants exposed to drought stress and has been considered to play a substantive role in osmotic adjustment [48] . Also, proline can act to modulate mitochondrial functions, which can be essential for plant recovery from stress [49] . On the other hand, Increasing PEG concentrations was also related with a progressive reduction in water content as well as with increased content of proline in callus of date palm [50] . In the current study, an increased proline concentration in the date palm shoot was observed under drought stress, while the addition of Si decreased its accumulation. Where the decrease in proline level in stressed plants upon silicon addition may reflect the alleviation of stress damage. The actual role of proline in osmotic tolerance remains controversial. Some researchers consider increased proline level as a symptom of damage rather than a cause for stress adaptation [51] . Since proline biosynthesis is a highly energy demanding process, and lower production the proline could benefit the plant by saving more energy for coping with stresses. [52] observed that proline concentration increases in wheat leaves under drought stress and that silicon addition decreases the proline accumulation. Generally, under stress condition, plants are working to adjust their proline increase to stabilizing sub-cellular structures such as membrane and proteins, scavenging free radicals and buffering cellular redox potential [53] . Figure 5 shows that the total soluble protein content were significantly decreased (p < 0.05) under drought stress induced by PEG (15%) compared to other treatments while the addition of silicon (Si) caused an increase total soluble protein content under drought stress. Further, under non-stress conditions, the addition of silicon (Si) increased the total soluble protein content compared to the control.
Changes in Proline
Changes in Protein
The decrease in protein content in date palm shoots in vitro was found remarkable during drought stress induced by PEG at 15%. The reduction in quantity of soluble proteins observed in present study can be related to the reduced rate of protein biosynthesis and increased breakdown of protein under stress conditions [54] . Similar results were observed by [13] in wheat. As reported by some researchers, protein degradation might be the result of increased activity of catabolic enzymes, such as protease which were activated under drought.
The alternation of protein synthesis or degradation is one of the fundamental metabolic processes that may affect the adjustment to the conditions of drought stress [55] .
Plant growth under drought stress can also be affected by changes in gene expression, leading to the synthesis of novel proteins under drought stress conditions [56] . Further, addition of silicon to media increased soluble protein content of shoots, may be due to the Si has a role in binding amino acids to form certain proteins [57] , additionally Si is actively involved information of DNA and functioning of mRNA [58] .
Changes in Root Growth
In the present study, drought stress caused significant decreases in response percentage of root induction and the lengths of the roots of date palm plantlets cv. Barhee.
While inclusion of Si to the PEG containing medium significantly increased the response percentage of root induction and root lengths compared with media containing PEG only. Further, under non-stress conditions, the addition of silicon (Si) improved these traits compared to the control but the differences between them are not significant (p < 0.05).
In the present study, drought stress induced by PEG at 15% caused significant decreases in response percentage of root induction and root lengths of date palm cv. Barhee propagated in vitro. However, Si improved these traits only under drought stress conditions (Table 3) . Some studies have shown that silicon addition can enhance root growth under drought conditions. In drought-stressed sorghum, [59] observed a higher formation for root to shoot ratio and higher root dry mass accumulation in silicon-applied plants compared with plants not treated with silicon, indicating that silicon facilitates root growth during drought stress [60] . Explained that silicon application is mainly beneficial to the growth of sorghum root under drought conditions. The simulative effect of silicon on root growth may be due to enhanced root elongation as a consequence of enhanced cell wall extensibility in the growth zone, as observed in sorghum [61] . The absorption of nutrients is related to root surface area and length [62] . An increase in surface area provides more exposed sites for uptake of diffusible ions [62] . Silicon-mediated enhancement of root growth may therefore encourage nutrient absorption and increase drought tolerance. Data are means ± SE (n = 12). Means followed by the same letterin same columnare not significant different between the treatments at p < 0.05 level of LSD.
Changes in Chlorophyll
Results showed that drought stress induced by PEG (15%) significantly decreased the pigment content (p < 0.05) compared to other treatments (Table 4) , where the contents of chlorophyll a, b and total chlorophyll were decreased to 0.52, 1, 0.11 and 0.62 mg⋅g
FW respectively in drought stress conditions, while, addition of 3.6 mM Si caused an increase in these contents under drought stress compared with the stressful treatment (without adding silicon) ( Table 4) .
Chlorophyll plays an important role in the photosynthesis and is responsible for assembling light. Decreases in photosynthetic pigments were due to instability of protein complexes and destruction of chlorophyll by increased activity of chlorophyll degrading enzymes and chlorophylls under high stress condition, as well as, enhanced oxidative stress that causes injury to chloroplast structure. Based on the [63] , the reduction of chlorophyll due to stress is associated to the increase of production of reactive oxygen species (ROS) in the cells. These free radicals cause per oxidation, disintegration and reduction of chlorophyll content in plants under limited conditions. The content of photosynthetic pigments was significantly decreased by drought stress, which is in accordance with [64] . On the other hand, observed that application of Si increased the chlorophyll contents in wheat [13] . Some positive effects of Si application have been attributed preserving the percentage of water in leaves thus preventing destruction of photosynthetic process and chlorophyll in leaves [65] . Further, the deposition of silicon in the cell wall also increases tissue resistance and promotes better-performing plants due to leaf situation and their interception of light [66] . Correspondingly, a decrease was observed in the plants exposed to a water deficit in the absence of silicon, likely because of the decrease in nitrogen absorption, an essential element necessary for the produce or configure of chlorophyll. Silicon treatments were shown to cause changes to nitrogen metabolism [67] . Water is responsible for the conduction of nitrogen and other nutrients during their absorption through the root system. Thus, it can be concluded that in the present study, there was advancement in leaf combination with enhanced contents of chlorophyll, due to supplementation of silicates. The present study confirmed previous reports that the addition of Si could maintain the level of chlorophyll in capsicum (Capsicum annuum) under drought stress, suggesting that Si could alleviate drought stress-induced destroy in the photosynthetic systems and thus the improve- ment of photosynthesis [68] . This result is in agreement with those reported by [14] [59] who found the significant Si-induced enhancement of chlorophyll concentrations under drought stress conditions in sorghum and maize plants respectively.
Changes in the Amount of Wax
Results showed that there are significant differences in the amount of wax in the leaves particles, known as opalinephytoliths [34] . Various changes in the leaf structures of plants grown in vitro have been reported, Including the amount of wax deposited [70] [71]. It has been shown that silicon (Si) is associated with increased chlorophyll content and can lead to improvement on plant metabolism. This element also increased adaptation to stress, decreasing the imbalance of nutrients and toxic metals in the plant, strengthening the cell walls of plants and increasing the resistance against pathogens and pests [72] . The direct effects of silicon are accompanied by various indirect effects, such as, increases in the photosynthetic capacity, decrease rates of transpiratory, growth and development of plant and increased cellular mechanical resistance [73] . As reported [74] , that the leaves of plantlets treated with 2% polyethylene glycol had the highest deposition of epicuticular wax, as compared with control. Which is reflected on the success of acclimatization. 
Conclusion
Our data show that the growth enhancement is an indication of positive effect of Si.
Addition of 3.6 mM Si to the PEG containing medium enhanced shoot regeneration and growth by altering activity of antioxidant enzymes in the plants to alleviate the oxidative damage leading to improvements in physiological attributes for the plants growth under drought conditions. Si may act to alleviate drought stress in date palm due to the increase of antioxidantive enzymes CAT and SOD. Si partially offsets the negative impacts of PEG stress due to increased the tolerance of date palm plantlets to PEG stress by enhancement of chlorophyll content and increase of the amount of wax.
However, further studies are needed for a better understanding of the physiological or biochemical roles of silicon under stress in plants.
